A study of the aging characteristics of evaporated ZnS:Mn alternating-current thin-film electroluminescent (ACTFEL) devices is undertaken by monitoring the capacitance-voltage (C-v) characteristics at various temperatures as a function of aging time. Short-term ACTFEL aging is characterized by a rigid shift in the C-V curve to higher turn-on voltage with aging time. Additionally, the insulator and phosphor capacitances are found to be independent of aging time, the internal phosphor threshold voltage increases slightly with aging time, and the conduction and polarization charges are observed to decrease with aging time. The activation energy for ACTFEL aging is estimated to be about 0.2 eV. These experimental observations lead to a picture for ACTFEL aging in which atomic rearrangement at insulator/phosphor interfaces gives rise to the formation of deep level, fixed charge states. Transported electrons subsequently trapped in these deep levels reduce the amount of charge available for conduction with a concomitant reduction in the polarization charge. The reduction in the polarization charge is responsible for the observed increase in the turn-on voltage with aging.
I. INTRODUCTION
The importance of the aging characteristics of alternating-current thin-film electroluminescent ( ACTFEL) devices is underscored by the fact that device stability and aging were major focal points in the paper by Inoguchi et al. ' which ushered in the modern age of ACTFEL technology. Much work has subsequently been reported%" regarding ACTFEL aging characteristics, mechanisms, and process modifications to improve device stability. Most of this work has involved characterization of the luminescent properties of the ACTFEL devices as a function of aging time.
The purpose of the work discussed herein is to report an investigation of the aging properties of evaporated ZnS:Mn ACTFEL devices which were fabricated by Planar Systems. This study is unique in that the aging characteristics are monitored, as a function of temperature and aging time, using the capacitance-voltage ( C-V) technique. 'u* The C-V technique offers several advantages for ACTFEL aging studies. First, the technique can be readily automated. Second, a wealth of device physics data can be acquired which leads to a better understanding of the internal electrostatic modifications associated with aging and, hence, of the physical mechanisms of aging. The obvious disadvantage of the C-Y technique is that it exclusively monitors the electrical properties of the ACTFEL whereas the device performance must ultimately be assessed optically.
j Temperature-dependent C-V aging studies yield an aging activation energy of approximately 0.2 eV. ACTFEL aging is also characterized by a turn-on voltage which in-B)Present address: Intel, Hillsboro, OR 97124. b)Permanent address: Tsukuba Research Laboratory, Nippon Sheet Glass, Tsukuba, Japan.
creases with aging time, a C-V transition which shifts rigidly with aging time, phosphor and insulator capacitances which are independent of aging time, a phosphor field which increases slightly with aging time, and conduction and polarization charges which decrease with increasing aging time. These experimental observations lead to a model for ACTFEL aging in which hot-electron-mediated atomic migration near the insulator/phosphor interfaces gives rise to the creation of defect complexes which act as deep level traps and increase the interface fixed charge density. The atomic rearrangement is envisage-d to occur very close to the interface (within perhaps 100 A), to most likely involve the presence of sulfur vacancies, and to probably occur by nearest-neighbor hopping.
II. EXPERIMENTAL PROCEDURE
The ACTFEL devices are fabricated at Planar Systems and consist of an evaporated ZnS:Mn active phosphor layer which is sandwiched between two sputtered silicon oxynitride insulator layers. Aluminum and indium-tin oxide (ITO) electrodes are employed as contacts.
The C-V technique has been previously described in detai1.16-'8 Briefly, C-V analysis is accomplished using the circuit shown in Fig. 1 . An arbitrary waveform generator (Wavetek model 275) in conjunction with a high-voltage operational amplifier (Apex PA-85) generates the small duty cycle bipolar pulse waveform which drives a series resistor, R, the ACTFEL device, and a current sense resistor, R, as shown in Fig. 1 . R, is chosen to be 1.25 ka and R, is chosen to be 10 KI. u2( t) and us(t) are obtained using a Tektronix model 7854 digitizing oscilloscope.
The standard waveform consists of symmetric, bipolar pulses of trapezoidal shape with 5-ps rise and fall times and a pulse width of 30 ,us where rise and fall times are defined as the time between 0% and 100% of the maximum am- plitude and the pulse width is defined as the duration during which the pulse is at its maximum amplitude. The frequency of the waveform is 1 kHz.
Referring to Fig. 1 , the current through the ACTFEL device is obtained from the voltage across the sense resistor, R,
The capacitance is equal to the current divided by the derivative of the voltage across the ACTFEL device, so that
A typical C-V curve is shown in Fig. 2. (2) C(u, -4) vs C, refers to the total capacitance prior to breakdown while C, is the insulator capacitance. Since the C-V transition is nonabrupt, we denote three turn-on voltages, V,, 1, V,, 2, V,, 3, which refer to the onset of conduction, the midpoint of the C-V transition, and the field-clamping voltage, respectively. V,, 2 is found'G'8 to correspond very well to the normal Q-V threshold. Note that we now choose to refer to these C-V voltages as "turn-on" voltages in contrast to our previous designation of "threshold" voltages.'6-'8 We employ turn-on as a means of distinguishing these C-Vvoltages from the brightness-voltage (B-V) threshold voltage. B-V and C-V measurements are distinctly different as are the critical voltages measured in each experiment. A B-V curve is measured by ramping the maximum applied voltage, V,, and monitoring the device brightness; the B-V threshold voltage corresponds to V, at which a given level of brightness is obtained. In contrast, C-V or charge-voltage (Q-V) measurements are performed at constant V,; the critical voltages, which we now denote as turn-on voltages, correspond to voltages at which a transition occurs in the C-V or Q-V curve. The B-V threshold is unique whereas the C-V or Q-V turn-ons depend on the magnitude of V, because V, determines the magnitude of the polarization charge. Finally, note that the B-V threshold also corresponds to V, at which the Q-V curve is no longer a straight line but begins to exhibit hysteresis.
The aging experiment consists of monitoring the C-V turn-on voltage, V,, 2, with aging time and as a function of temperature. The experiment is performed using a single glass substrate with 10 aluminum dots. Aging occurs over a temperature range of -50 to 80 "C. The aging duration is 45 h using the standard waveform with a voltage amplitude of 210 V. Temperature is controlled using a Blue-M environmental furnace. Thermocouples located in the furnace near the sample record the temperature. Turn-on voltage sampling is performed automatically with a computer-controlled system using the C-V analysis technique and the aging is carried out under continuous applied field. The turn-on voltage is obtained graphically from the C-V curves generated.
All of the dots undergo a room-temperature warmup to fug operating voltage to ensure self-healing of defects that would otherwise cause burnout. The warmup procedure consists of using the standard waveform at an initial voltage amplitude of 10 V and increasing the amplitude to 210 V in 3-V steps over a period of approximately 35 min. Each dot is then subsequently further aged, at 210 V, as required, to obtain an initial turn-on of V,, 2 = 125 V, to within 2%.
EXPERIMENTAL RESULTS AND ANALYSIS

A. ACTFEL aging experimental results
The results of ACTFEL aging experiments are summarized in Figs. 3-5 for the following temperatures:
-50 "C!, -10 "C, 0 "C, 20 "C!, 60 "C, and 80 "C. The family of selected C-V curves shown in Fig. 3 are for the 60 "C experiment. These C-V curves show characteristics typical of all aging experiments at various temperatures. In general, it is observed that the turn-on voltage shifts rigidly with operating time and that C, and Ci remain constant, to within experimental error, with aging time.
As can be observed from Figs. 4 and 5, the aging characteristics can be classified into four regimes: ( 1) incubation period, (2) logarithmic aging, (3) saturation, and (4) long-term aging. At lower temperatures there is an incubation period, in which the turn-on voltage is essentially constant; this incubation period is most clearly evident in Fig. 5 . This incubation period lasts 1 h at the lowest temperature ( -50 "C) and eventually disappears at and above room temperature (20 "C). The incubation period is followed by a period in which the turn-on voltage increases logarithmically with aging time. Next, the turn-on voltage approaches a saturated value which is temperature-dependent. Finally, the last aging regime is denoted long-term aging in which the turn-on voltage decreases slowly with increasing aging time. The logarithmic and saturation aging regimes are taken to collectively comprise what we denote the short-term aging characteristics, which is the focus in the remainder of this paper. The incubation period is tentatively attributed to the fact that the warm-up and preaging occur at a higher temperature than that of the aging. Long-term aging kinetics will be the subject of future study. Thus, our present study of the aging kinetics will focus on short-term aging in which the kinetics are found, or extrapolated, to be logarithmic or saturated. During the aging experiment it is observed that the turn-on voltage is temperature-dependent. Figure 6 shows the temperature dependence of a fully aged dot. The observed change in turn-on voltage is attributed completely to temperature since the device had been well aged and the experiment was conducted in a short period of time. crease in the turn-on voltage which depends logarithmically on the aging time with a subsequent turn-on voltage saturation. Further, there is a temperature dependence of the turn-on voltage that is relatively independent of aging.
The following equation is found to fit the ACTFEL aging data in the logarithmic and saturation regions and to account for the temperature dependence of the turn-on voltage:
where A V,( t) is the measured change in turn-on voltage at a given temperature, AflkT( T) is the difference between the saturation turn-on voltage and the initial turn-on voltage at a given aging temperature, and (r: is the rate constant characteristic of the ACTFEL aging process. Equation (3) can be rearranged to yield I at=hl 1 l-=-&g& .
I (4)
Therefore, a plot of the right-hand side of (4) of the absolute temperature, the slope of such a plot yields the activation energy for ACTFEL aging. Each of the six sets of aging data is plotted in accordance with Eq. (4). Two of these normalized turn-on voltage difference curves are given in Figs. 8 and 9. A value for heoAT is found for each temperature from the experimental data and the rate constant, CY, is determined from best fit of the linear region of these normalized plots. The natural algorithm of the rate constant for each temperature is then plotted as a function of inverse absolute temperature to obtain an Arrhenius plot as shown in Fig. 10 . The slope of this line, which corresponds to the turn-on voltage activation energy for aging, has a value of approximately 0.2 eV.
IV. DlSCUSSlON
A. Aging electrostatics C-V curves for the short-term, logarithmic aging regime are characterized by: ( 1) C, and C, do not vary appreciably with aging time, (2) the C-V transition region shifts rigidly with aging time, and (3) the turn-on voltage increases with aging time. Consideration ( l), that C, and Ci do not vary appreciably with aging time, implies that the centroid of the space charge giving rise to the turn-on volt- age must be Ibcated near the SiON/ZnS interfaces. The maximum distance from the interface that the centroid of trapped charge is located is denoted as Ad and is given by:
where E is the dielectric constant for the insulator or phosphor, whichever is appropriate, AC is the capacitance measurement uncertainty, and ti is the insulator or phosphor capacitance, whichever is appropriate. Using AC, = AO.05 nF and ACi = ho. 1 nF in Eq. (5) leads to Adzns = 680 A and Adins = 200 A. In other words, the experimental fact that C, and Ci are constant to within the specified measurement uncertainties implies that the centroid of the space charge giving rise to the threshold voltage is located within 200 h; of the interface in the insulator or within 68OA of the interface in the ZnS. Indeed, these distances are actually upper limits and it is likely that the trapped charge resides much closer than this to the interface. F Consideration (2)) that the C-V transition region shifts rigidly with aging time, implies that the interface state density prior to field-clamping, iV' does not change significantly with aging. This rigid C-Y shift with aging implies, in accord with metal-insulator-semiconductor (MIS) C-Y studies," that the observed turn-on voltage shift is consistent with an increase in the fixed charge density but not with an increase in the interface state density. Note that fixed and interface state charge are both located at the interface; fixed charge is distinguished by the fact that it is unperturbed with respect to the applied bias whereas interface states may be charged or discharged by an applied bias and interface state charge contributes to the conduction current. Fixed charged gives rise to rigid shifts in the C-V curve, whereas interface state charge leads to nonrigid C-Vshifts; thus, a difference in the slope of the C-Vcurve is a good indicator that the interface state charge has been perturbed. Although evaporated ZnS:Mn ACTFEL devices exhibit rigid C-V shifts with aging time, this is not true of all ACTFELs. In particular, ZnS:Mn ACTFEL devices grown by atomic layer epitaxy possess C-V characteristics in which the slope decreases, and hence N, increases, with aging time.
Consideration (3), that the turn-on voltage increases with aging time, can be attributed to an increase in the internal, phosphor turn-on voltage, and/or to a reduction in the polarization charge, and hence the polarization field. To assess which of these changes is responsible for the observed increase in the turn-on voltage, plots of (a) the turn-on voltage, VtO 1, (b) the change in polarization and conduction charges, AQ;,, and AQcond, with aging time (note that in this paper A will denote a change with respect to aging time), and (c) the internal phosphor electric field at turn-on, g:, as a function of aging time are shown in 
The superscript e in Qiol is used to emphasize that this quantity is an externally measured quantity; the corre- sponding internal polarization charge is denoted QPol and these two polarization charges are related as follows?~ Qepol and QWnd are evaluated directly from the Q-V curve as follows.21 @,, is taken to be one-half of the width of the Q-V curve evaluated at an applied voltage of zero; this corresponds to the externally measured charge which is stored at the phosphor interface after the voltage pulse goes to zero. Qcond is the change in charge measured from the turn-on voltage to the maximum applied voltage and corresponds to the internal charge which is transferred across the phosphor above turn-on.
It is evident from Fig. 11 that the experimentally observed increase in the turn-on voltage with aging time arises, at least partially, from a decrease in pro, with aging time. Note that Qcond and ppe,,i both decrease with aging time in the same manner; this is not unexpected"' since if field-clamping is assumed to occur: Also note from Fig. 11 (c) that $' increases slightly with respect to aging time [i.e., an increase in 6: of 0.09 MV/cm is evident from Fig. 11 (c) ; the other aging temperatures yield increases in $ over the durttion of the aging from 0.04 to 0.11 MV/cm].
We can estimate the contribution of the change in the polarization charge, AC&, and the change in the phosphor turn-on field, Agy, to the change in the turn-on voltage, AV;, ,, by evaluatmg Eq. (6) in terms of these quantities and rearranging to yield ci+ q7 AV,,, = -ci
Note from Fig. 11 (b) that A@rpol is a negative quantity such that the last term of Eq. (9) is a positive quantity which increases the turn-on voltage with aging time. The fraction of AV, t arising from the AQpl term of Pq. (9) is 0.43 f 0.04 for the various aging temperatures. Thus, about 40% of the change in the turn-on voltage arises directly from the change in the polarization charge, and hence the polarization field, whereas approximately 60% of the change is due to the small increase in the internal, phosphor field at turn-on. Physically, a change in the electric field, Alp, can arise from: ( 1) a perturbation in the tunneling barrier seen by interface states due to trapped fixed charge, (2) a shift in the density of filled interface states to deeper energies because of the trapped fixed charge (since the conduction charge which is trapped arises from the more shallow interface states, an equivalent amount of conduction charge after trapping must arise from deeper interface states), (3) a change in the interface state density with aging.
Possibility (3) does not seem as physically viable as (1) and (2). Also, the rigid shift in the C-V curve implies that at least the preclamping state density is unaffected by aging. Thus, we conclude that the observed increase in 6: as calculated from Eq. (6) and plotted in Fig. 11 (c) arises from the trapped fixed charge due to a perturbation of the tunnel barrier and/or a shift of the filled interface states to deeper energies. Therefore, although Pq. (9) implies that A&, 1 can be simply resolved into distinct contributions from A$,, and AZ;, physical considerations lead us to conclude that both contributions arise from the , is found to be between 10% and 14% for the aging temperatures investigated. Thus, trapping of a relatively small fraction of the initial conduction charge into deep level, fixed charge states gives rise to the observed increase in the turn-on voltage. Since this fraction of trapped charge is rather small, our consideration (1) argument, that the trapped charge is localized very close to the interface because the shift in the charge centroid is rather small, is weakened. In spite of the inconclusiveness of the consideration ( 1) argument, it is our contention that trapping of conduction charge into deep level, fixed charge states occurs very near the phosphor/insulator interface.
From the above considerations, the following picture of the aging electrostatics emerges. Some of the conduction charge originally available for transport is trapped as a function of aging time at or very close to the interfaces, giving rise to less conduction and polarization charge. Since there is less polarization charge available, the turn-on voltage increases. The electron charge is trapped at deep traps located near the interface which are not dischargeable by the applied voltage; these electron-filled deep traps contribute to fixed charge in contradistinction to interface state charge.
The details of the aging electrostatics can be better appreciated by referring to Fig. 12 which illustrates an idealized electron transport and trapping sequence for a device with symmetrical interfaces, which is consistent with our experimentally observed aging trends. Sequence (a) shows the equilibrium situation prior to the application of a bias in which charge neutrality exists at both interfaces. The two columns of horizontal lines represent interface states at the left and right interfaces and the filled circles represent electrons occupying these interface states. Sequences (b) and (c) indicate how the interface state occupancy changes with respect to the application of positive and negative pulses if no deep trapping is presumed to occur. The empty circles represent interface states initially filled under equilibrium charge neutrality conditions but which are now not filled with electrons. + and -indicate the charge state deviation from electrical neutrality. The internal polarization charge, Qpoh is indicated at the top of each sequence and the associated polarization field lines are also shown. The conduction charge, Qcond which is transported between the present and previous sequence is also indicated at the bottom of sequences in which charge transport has occurred. Sequence (c') illustrates electron trapping into a deep level giving rise to fixed charge; note that the consequence of this trapping is a reduction of Q cond, as shown between (c') and (d), and a reduction in the polarization charge of the subsequent opposite polarity pulse, as indicated in sequence (d). Electron trapping at the other interface is illustrated in sequence (d' ) . As can be seen by comparing sequences (b) and (c) to (e) and (f), the net effect of trapping electrons in deep levels is to decrease Lnd by an amount equal to the amount of charge trapped and to decrease Q,,,l by an amount equal to onehalf of the charge trapped. This reduction in Qpl leads to a reduction in the polarization field, which aids the subsequent voltage pulse, with a concomitant increase in the turn-on voltage.
B. Physical mechanisms of aging
As found in the previous section, ACTFEL aging appears to be due to electron trapping at deep levels located at or very near the interfaces. These deep levels are not dischargeable by the electric field so they contribute to the tlxed charge in contradistinction to interface state charge. What is the physical nature of these deep, fixed charge traps and how do they arise?
With respect to the second part of the above question, how do the deep, fixed charge traps responsible for ACT-FEL aging arise, there seem to be two possible answers. First, these deep traps may exist in the initially fabricated ACTFEL device but the capture probability may be very small and, thus, a long aging time may be required before these traps are filled with electrons. The capture probability is particularly small if the electrons to be captured have to surmount an energy barrier, EB, or tunnel a distance, x, into the interface to be captured. In such a case the capture cross section, a, is exponentially reduced in comparison to the normal capture cross section, a,,, as follows:
where xt is a characteristic tunneling distance. This type of aging instability, which is subsequently denoted as charge injection and trapping, arises in a wide variety of metalinsulator-semiconductor (MIS) systems including amorphous silicon, " InP, " and CdSe.25 Charge injection and trapping instabilities are characterized by logarithmic aging kinetics and a very weak temperature dependence;23 the aging activation energy has been reported to be 0.04405 eV for InP MIS capacitors"4 and 0.12 eV for CdSe thin-film transistors.25 Although the logarithmic aging kinetics associated with charge injection and trapping are consistent with the experimental short-term aging data, the activation energy is a bit too large to be consistent with this mechanism. Furthermore, recent experiments provide additional evidence that ACTFEL aging does not occur by charge injection and trapping. In these experiments, attempts were made to reset the turn-on voltage after aging by photodepopulation of deep traps. Three optical sources, a tungsten lamp, a high-pressure mercury lamp, and a nitrogen laser, were employed in the infrared, visible, and ultraviolet regions of the electromagnetic spectrum for photodepopulation. Optical irradiation of the ACTFEL device was accomplished under open-and short-circuit conditions for various irradiation times. These experiments yielded no evidence for turn-on voltage resetting by photodepopulation. Since the turn-on v.oltage could not be reset optically, it is concluded that the aging is irreversible, which is inconsistent with charge injection and trapping in which the turnon voltage can be reversibly reset.24
The second possible way in which the deep traps responsible for aging instabilities arise is that they are generated by atomic rearrangement at the interface. This is the mechanism we prefer to invoke to explain the experimentally observed ACTFEL aging trends. The aging is envisaged to occur as follows. Energetic hot electrons impinge against the insulator conduction band discontinuity and must dissipate a significant amount of energy, denoted Ediss, to thermalize to the bottom of the phosphor conduction band and are subsequently trapped at interface states. If the aging mechanism involves atomic migration, it is most likely that the hot electron thermalization energy, Ediss, is of primary importance in facilitating bond breakage and atomic rearrangement in the impact zone located near the interface. The activated atomic species can then migrate away from the impact zone into either the SiON or the ZnS under the influence of electric field and temperature.
If such atomic migration is responsible for ACTFEL aging the experimentally deduced aging activation energy of 0.2 eV must be identified as the migration energy, AHm, for atomic migration. AHm's for nearest-and second-nearest neighbor hopping into a vacancy are estimated using Van Vechten's ballistic model for atomic migration26
where m is the mass of the atom which hops, F is a geometric constant equal to 0.9, d is the distance which the atom hops, kB is Boltzmann's constant, ed is the Debye temperature, and h is Planck's constant. For the purpose of these estimates, the hopping distances are assumed to be the equilibrium nearest-and second-nearest neighbor Table  I . Note that these estimates are not expected to be precise because of inherent limitations of the ballistic model and also because of the questionable validity of assuming bulk ZnS properties at the interface. With these limitations in mind, an analysis of Table I suggests that the experimentally observed activation energy of 0.2 eV is most compatible with interdiffusion by nearest-neighbor hopping at the interface, whereas second-nearest neighbor hopping would seem to be precluded because of the large predicted AH,'s. It should be noted that vacancy self-diffusion in a compound semiconductor such as ZnS is a conceptually simple process if it occurs by second-nearest neighbor hopping since it occurs only on a single sublattice. In contrast, nearest-neighbor hopping in ZnS is a much more complicated self-diffusion process in which hopping transforms a simple vacancy into a more complicated vacancy-antisite defect. Thus, nearest-neighbor hopping naturally gives rise to the creation of defect complexes which could be responsible for the fixed charge, deep levels responsible for aging instabilities. For example, suppose that sulfur vacancies, Vs's exist at the SiON/ZnS interface, as has been previously suggested by various researchers.7111*12p14 A possible atomic mechanism for aging instabilities could involve 0 or N diffusion by nearest-neighbor hopping into a sulfur vacancy which could be described by the following defect reactions:
An ACTFEL aging study is presented in which the C-V technique is used to characterize the electrical properties of evaporated ZnS:Mn ACTFEL devices at various temperatures as a function of aging time. The primary experimental findings of this study are the following: ( 1) The insulator and phosphor capacitances are constant with respect to aging time; this suggests that the perturbation in the electrostatic charge distribution which is responsible for aging occurs near the SiON/ZnS interfaces. (2) The C-V curve shifts rigidly with aging time; a rigid shift indicates that changes in the fixed charge density, not the interface charge density, give rise to aging. (3) The C-Y turn-on voltage increases while the polarization and conduction charges decrease as a function of aging time. Also, the internal phosphor turn-on field increases slightly with respect to aging time. These experimental observations imply that conduction charge originally available for transport is trapped in deep traps at the SiON/ZnS interface, reducing the polarization charge and, thus, increasing the turn-on voltage. (4) The activation energy for short-term aging is found to be approximately 0.2 eV. 00 + vs-*os + vo, nnh (12) These experimental observations lead to the following model for aging of evaporated ZnS:Mn ACTFEL devices. Atomic rearrangement at SiON/ZnS interfaces leads to the formation of deep level, fixed charge states which trap transported conduction electrons. Such electron trapping leads to a reduction of the conduction and polarization charges and an increase in the turn-on voltage. It is likely that atomic migration is stimulated by the thermalization energy dissipated by hot electrons after they impinge upon the SiON conduction band discontinuity. Also, it is likely that atomic migration at the interface is exacerbated by the presence of sulfur vacancies in the ZnS near the interface. DAAL03-9 160242. The proposed atomic scenario presumes that the required interdiffusion occurs within atomic distances of the interface. The viability of this assertion can be tested by noting that the maximum amount of trapped charge is equal to (A&,d)max, which from Fig. 11 (b) is about 3 1 nC. If each atomic defect captures only one electron and these defects exist within 10 A of the interface, this yields 'T. Inoguchi, M. Takeda, Y. Yakihara, Y. Nakata, and M. Yoshida, SID 74 Dig. 5, p. 84 (1974) . "T. Inoguchi and S. Mito, Topics in Applied Physics (Springer, Hcidelberg, 1977 a density of atomic defects of order 101'/cm3. (The device area is 0.079 cm'.) Thus, a 0.1% concentration of sulfur vacancies initially residing within 10 %, of the interface is sufficient to give rise to the aging instabilities observed experimentally; this appears to be a viable possibility.
V. CONCLUSIONS
